Objectives. To determine whether proximity to a supermarket modified the effects of an obesity intervention.
T he prevalence of childhood obesity remains high despite public health and clinical efforts to prevent and manage obesity. 1 Evidence suggests that the etiology and, thus, prevention of obesity may be influenced by the food, beverage, and physical activity environments of children. Understanding the role of environmental factors in obesity and developing interventions to change default environments may have important effects on reductions in obesity incidence and prevalence and public health.
Mounting evidence suggests that aspects of the built environment, including access to healthful food establishments, may facilitate behavior change and improve weight status. For example, studies have shown protective associations of living closer to supermarkets with children's dietary behaviors and body mass index (BMI). [2] [3] [4] [5] Because families face budget and time constraints, living closer to a large supermarket could assist families in making healthy dietary and BMI changes by increasing access to affordable healthy food and beverages available in these establishments. Furthermore, the Centers for Disease Control and Prevention has endorsed increasing the number of supermarkets in underserved areas as 1 of the 24 strategies to help communities prevent obesity. 6 Additionally, in 2010 the White House Childhood Obesity Task Force emphasized the need to improve access to fresh, healthy, affordable food by eliminating "food deserts"-defined as neighborhoods without access to fresh, healthy, and affordable food. 7, 8 Although cross-sectional and longitudinal studies support the protective effect of easy access to supermarkets on children's obesity risk, few studies have examined the modifying effects of the food environment, particularly supermarkets, in facilitating BMI and behavior change in a childhood obesity randomized controlled trial.
We examined the extent to which living closer to supermarkets modified the effects of a childhood obesity randomized controlled trial on changes in BMI and diet. We hypothesized that children in the obesity intervention who lived closer to a large supermarket would have greater decreases in their BMI z-score and their intakes of sugar-sweetened beverages (SSBs) and a greater increase in their fruit and vegetable intake than would those living farther away.
were aged 6 to 12 years, had a BMI at or above the 95th percentile, and received well-child care visits at 1 of the 14 practices. Recruitment, eligibility, and study procedures of the STAR trial have been published previously. 9, 10 We excluded children if they had a residential address outside Massachusetts or their address was a post office box or unidentifiable (n = 43) or if they did not complete the 1-year follow-up survey (n = 8). The sample size for this analysis was 498 (91% of 549 children enrolled in STAR).
Main Exposures
The main exposure was the intervention. We randomly assigned practices to 1 of 3 arms: (1) usual care (4 practices), (2) computerized clinician decision support (CDS) plus a family self-guided behavior change intervention (5 practices), or (3) computerized CDS plus a health coach intervention (CDS + coaching; 5 practices).
We modified the electronic health record to deploy a computerized, point-of-care decision support alert to clinicians at the time of a well-child care visit for a child with a BMI at or above the 95th percentile in the intervention sites. 11 The alert contained links to growth charts, 12 evidence-based childhood obesity screening and management guidelines, 13 and a prepopulated, standardized note template specific for obesity that included options for 1. documenting and coding for BMI percentile, 2. documenting and coding for nutrition and physical activity counseling, 3. placing referrals for weight management programs, 4. placing orders for laboratory studies if appropriate, and 5. printing educational materials.
We also trained the clinicians in the intervention practices to use motivational interviewing to negotiate a follow-up weight management plan with the patient and family.
To augment the clinical intervention and support families in behavior change, we developed a comprehensive set of educational materials for clinicians to provide to their patients that focused on individual-and family-level behaviors. These behaviors included 1. decreases in screen time, 2. decreases in consumption of SSBs, 3. increases in moderate and vigorous physical activity, 4. improvement of sleep duration and quality, and 5. improving diet quality, including increasing fruit and vegetable intake.
Families in the CDS arm also received 4 newsletters throughout the intervention period encouraging self-guided behavior change, including increasing their fruit and vegetable intake, and a subscription to CHOP CHOP, a magazine that provides healthy kid-friendly recipes that are focused on fruits and vegetables.
In the CDS + coaching intervention, families received individualized coaching. We assigned families a health coach, who used motivational interviewing 14 to support families by telephone at 1, 3, 6, and 9 months. We also invited parents to participate in an interactive text message program. Text messages included the following:
• For your child, replace 1 high-calorie snack a day with fruit or a vegetable. Keep washed, cut, ready to eat fruits and veggies on hand for easy snacking.
• Crunch! Fruits and veggies make great kid snacks. Cut back on high-calorie snacks and munch on carrots with low-fat ranch dressing or fruit with yogurt.
Any parent who chose not to receive texts had the option to receive the same messages by e-mail. Twice-weekly texts over 1 year provided behavior change support for the patient and family.
We used the Centers for Disease Control and Prevention growth curves to define the participants BMI z-score. 12 Children in the CDS intervention had a similar change in BMI z-score over 1 year (-0.06 units; 95% confidence interval [CI] = -0.11, -0.02) compared with the CDS + coaching intervention (-0.05; 95% CI = -0.09, 0.00; P = .52). 10 Children in the CDS + coaching intervention had a greater decrease in SSBs (-0.26 servings per day; 95% CI = -0.57, 0.05) compared with the CDS intervention (0.07 servings per day; 95% CI = -0.22, 0.37; P = .03) and slightly greater increase in fruit and vegetable intake (0.32 servings per day; 95% CI = 0.01, 0.64) compared with those in the CDS intervention (0.09 servings per day; 95% CI = -0.21, 0.39; P = .24). Because there were no significant differences in the effect sizes between the 2 intervention arms for BMI z-score (P = .52) and fruit and vegetable intake (P = .24), we combined the 2 intervention arms to increase our ability to detect effect modification by the neighborhood food environment.
Documentation of nutrition or physical activity counseling in the 2 intervention arms significantly improved compared with controls. In the CDS arm, there was a 45% increase in documentation of nutrition or physical activity counseling (95% CI = 37, 53). In the CDS + coaching arm, the documentation increased by 25% (95% CI = 14, 40) compared with usual care.
Change in Dietary Behavior and Body Mass Index z-Score
The outcome measures for this analysis were 1-year changes in BMI z-score, SSB intake, and fruit and vegetable intake. We used validated questions from a food frequency questionnaire to measure SSB intake change and fruit and vegetable intake in servings per day. 15 We gave parents a list of a variety of fruits and vegetables and asked them on average in the past month how often their child had eaten them. The response categories included never, less than once per week, once per week, 2 to 4 times per week, about once per day, or twice or more per day. We combined the responses and calculated a per day average. We also asked parents on average in the past month how often did their child drink a serving of regular soda, juice, fruit drinks, or sports drinks. Response categories were open ended per day, per week, or per month. We summed and averaged these responses per day. We asked parents these questions at baseline and at 1-year follow-up using telephone surveys.
We derived children's age-and genderspecific BMI z-scores from the height and weight measurements recorded in the electronic health record at enrollment and at their 1-year well-child visits. At each well-child visit, medical assistants measured height and weight following a written standardized protocol, which is consistent with the standard of care in pediatric primary care (described in detail in previously published work 16 ).
Effect Modifier
We examined distance to large supermarkets as an effect modifier of the relationship between intervention and 1-year outcomes (BMI z-score change and dietary change). We located supermarkets using the North American Industry Classification System. This classification system is the standard that federal statistical agencies use to classify and analyze the US business economy. 17 We defined large supermarkets as those with more than 50 employees. We obtained the large supermarket information from the 2009 InfoUSA database, which is available in the ArcGIS Business Analyst Tool. Using ArcGIS, version 10 Network Analyst Extension Closest Facility tool and StreetMap USA detailed streets (ESRI, Redlands CA), we calculated distances along the street network from each participant's residence to the closest large supermarket. We examined distance as a continuous variable.
Covariates
We obtained children's gender and age from the electronic health record and their race/ethnicity from parent report on the baseline survey. We obtained parent age and country of birth from the surveys. We obtained neighborhood median income by linking the child's geocoded residential addresses with 2006 to 2010 American Community Survey data at the US census tract level. We defined fast-food restaurants using North American Industry Classification System codes, which included pizza restaurants and fast-food franchise codes.
We obtained networked street distance to the nearest fast-food restaurant using the same protocol for networked street distance to large supermarkets. We adjusted for fast food because large supermarkets are often located near a fast-food restaurant. Although we had data on parent's individual income, we did not find this to be a statistically significant covariate.
Statistical Analysis
We examined the descriptive and bivariate associations of proximity to a large supermarket and the outcomes and covariates first. We used generalized linear mixed effects regression to examine the main effects of the intervention on 1-year changes in BMI z-score, SSB intake, and fruit and vegetable intake. All analyses included a random effect for primary care to account for clustering by site. This is an accepted statistical method to evaluate cluster-randomized controlled trials because the analysis treats the primary care centers as nested within the treatment arm and as a random effect, and the proximity is treated as a crossed and fixed effect. 18 We included a multiplicative interaction term between networked distance to a large supermarket and intervention status in the models; this allowed us to determine effect modification in the relationship between intervention status and the outcomes by children's proximity to large supermarkets. Model 1 included no additional covariates. Model 2 was adjusted for children's race/ ethnicity, gender, age, parental age, parent's country of birth, neighborhood median income, and networked street distance to the nearest fast-food restaurant. We made adjustments for distance to fast-food restaurants because of the perception that distance to large supermarkets simply captured distance to a commercial area. Controlling for distance to fast-food allowed us, in part, to control for this possibility. We conducted statistical analyses using SAS version 9.3 (SAS Institute Inc., Cary, NC).
RESULTS
At baseline, mean 6SD age of the children was 9.7 61.9 years. Mean 6SD change in BMI z-score over 1 year was -0.07 60. 22 . Approximately half of the participants were girls and 52% were non-Hispanic White. The participants' mean 6SD census tract median neighborhood household income was $73 571 6$29 381. By comparison, the median neighborhood household income in Massachusetts from 2007 to 2011 was $65 981. 19 The mean 6SD networked distance from participants' residence to the closest large supermarket and fast-food restaurant was 1.44 60.96 miles and 0.73 60.63 miles, respectively. The mean distance to large supermarkets by town is available in Figure A , available as a supplement to the online version of this article at http://www. ajph.org. Towns with the largest mean distances from both large supermarkets are generally farther away from Boston.
In bivariate analyses, more children in the intervention versus usual care were White (56% vs 44%; P = .02, after adjustment for clustering P = .95; Table 1 ). More parents were born outside the United States in usual care versus intervention (31% vs 22%; P = .03, after adjustment for clustering P = .88). Over the 1-year study period, children in the intervention decreased their BMI z-score by -0.09 units versus -0.04 in the usual care group (P = .01; Table 2 ). Children in the intervention increased their fruit and vegetable intake and decreased their SSB intake more than did those in usual care, although neither change was statistically significant.
In unadjusted models there was a significant interaction (interaction term P = .02) between intervention status and networked distance to a large supermarket and 1-year change in BMI z-score. BMI z-score decreased by 0.05 units (95% CI = -0.01, -0.10) for every mile closer participants lived to a large supermarket in the intervention compared with usual care arm. This change reflects a difference in slopes: people living closer to supermarkets in the intervention arm had a greater BMI z-score decrease over 1 year than did those who lived farther away. A change of 0.05 BMI z-score units for a girl aged 9 years in the 95th percentile for BMI (50th percentile for height and 95th percentile for weight) is 1.1 pounds. 20 After adjustment for neighborhood and parental covariates, networked distance to a large supermarket was a weaker effect modifier, with a P = .07 (Figure 1 ). For example, children living 1 mile away from a large supermarket decreased their BMI z-score by 0.24 units in the intervention group compared with 0.16 units in the usual care group. At 2 miles children in the intervention group decreased their BMI z-score by 0.23 units, whereas children in the usual care group decreased theirs by 0.20 units.
In unadjusted models, for 1-year change in fruit and vegetable intake there was a significant interaction (interaction term P = .03) between intervention status and networked distance to the closest large supermarket and 1-year change in fruit and vegetable intake. For each 1 mile closer that participants lived to large supermarkets, children in the intervention arms increased their fruit and vegetable intake by 0.31 servings per day (95% CI = 0.03, 0.59) compared with usual care. Adjustment for individual, parent, and neighborhood covariates attenuated the estimate to 0.29 servings per day (95% CI = 0.01, 0.57). Similar to results for BMI z-score, this estimate demonstrates that children living closer to supermarkets in the intervention arm increased their fruit and vegetable intake more than did those living farther away (Figure 2 ). For example, for children living 1 mile away from a large supermarket, those in the intervention group increased their fruit and vegetable intake by 0.91 servings per day, whereas those in the usual care group increased theirs by 0.55 servings per day. Distance to a large supermarket was not an effect modifier of SSB intake (interaction P = .36).
DISCUSSION
In this study of 498 children participating in a childhood obesity cluster-randomized trial, distance to a large supermarket was an effect modifier of 1-year changes in BMI z-score and fruit and vegetable intake. The data suggest that children who received the STAR intervention and who lived closer to a large supermarket showed greater 1-year declines in their BMI z-score and increased their fruit and vegetable intake more than did those living farther away. Distance to large supermarkets was not an effect modifier of the relationship between the intervention and SSB intake.
This study is one of the few studies to examine effect modification of an intervention by aspects of children's built environments. In a study of 191 children in an obesity intervention, Epstein et al. found that children with access to 3 or more supermarkets within a 5-minute drive decreased their BMI z-score less than did children with no supermarkets within a 5-minute drive (0.20 units vs 0.37 units). 21 We speculate that our results differed because we examined the closest supermarket and they examined access to 3 or more supermarkets. Having access to 3 or more supermarkets within a short distance is more likely a marker of high food establishment density and access to other food establishments, such as fast-food restaurants.
By measuring distance to the nearest large supermarket and adjusting for distance to the Note. BMI = body mass index; SSB = sugar-sweetened beverage.
a We used the Centers for Disease Control and Prevention growth curves to define the participants' BMI z-scores.
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nearest fast-food restaurant, we are more likely to be measuring access to affordable healthy food. Kerr et al. examined whether the built environment modified a physical activity intervention in 441 men. 22 In that study, men in the intervention living in low walkable neighborhoods increased their daily walking time by 29 minutes compared with those in high walkable neighborhoods, who decreased their walking time by 10 minutes; this may suggest that the intervention was able to overcome neighborhood barriers. Similarly, perhaps the STAR intervention encouraged families to choose more healthy foods at their nearby supermarket and this is why we saw the differing effects of proximity to supermarkets on the usual care versus the intervention arms.
Several potential mechanisms can explain the observed relationships with fruit and vegetable intake and proximity to a large supermarket. It has been shown that living closer to a large supermarket is associated with greater fruit and vegetable intake. 23, 24 In Detroit, Michigan, women shopping at supermarkets versus those shopping at independent grocers had higher fruit and vegetable intake. 25 Families face time and budget constraints. If a supermarket is located closer to their homes they are more likely to have the opportunity to purchase fruit and vegetables. By encouraging physicians to counsel families on nutrition, the STAR intervention likely had an impact on how families interacted with their nearby supermarket. We also provided families with educational materials focused on nutrition and a subscription to CHOP CHOP, which may have also increased their use of their nearby supermarket.
Several studies indicate that replacing energy-dense foods with fruit and vegetables has a protective association with BMI 26, 27 and that higher prices of fruit and vegetables are inversely associated with higher BMI. 28 Furthermore, supermarkets have been shown to have more availability of fruit and vegetables 29 than do other food stores, and often at a lower price. Although we could not explicitly test this, it is possible that being closer to large supermarkets provided families with the ability to replace energy-dense foods with fruit and vegetables. This replacement would theoretically lead to decreasing the children's overall energy intake and decreasing their BMI z-score over the 1-year intervention period.
There was no difference in the magnitude of change in SSB intake between the intervention and usual care groups (P = .56). This may be because SSBs are available in many other types of food establishments and may make the intervention less likely to succeed.
Strengths and Limitations
This study has numerous strengths, including the use of effect modification of an intervention by proximity to a healthful food establishment, the availability and adjustment for potential individual-and neighborhood-level covariates, and the use of objective BMI measures from an electronic medical record. Another strength is that we adjusted for proximity to fast-food restaurants because fast-food restaurants and supermarkets are often located near each other.
This study also has several limitations. First, data quality from commercial business listings such as InfoUSA can be a concern in this type of research because of misclassification of business type. In previously published articles, InfoUSA classified 81% of supermarkets correctly. 30 We did not ask participants where they purchased food for their families, and previous studies have shown that adults do not always shop at the closest grocery store. 31 We also did Note. We used the Centers for Disease Control and Prevention growth curves to define the participants' BMI z-scores. 12 Models were adjusted for child's race/ethnicity, age, gender, parental age, whether parent is US born, neighborhood median income, and networked street distance to nearest fast-food restaurant. P = .07 for difference between the intervention and usual care lines. Note. Models were adjusted for child's race/ethnicity, age, gender, parental age, whether parent is US born, neighborhood median income, and networked street distance to nearest fast-food restaurant. P = .04 for difference between the intervention and usual care lines. not have information on the foods offered in the supermarkets or participants' schools. Distance to large supermarkets could be a proxy for other favorable neighborhood characteristics, such as parks, that we did not account for. Additionally, the most recent address for the children was the only address we obtained, and thus we could not account for moving during the intervention period. We did not have information on whether families owned cars. Perhaps parents with cars did not shop at their closest supermarket but at a preferred store farther away that they could reach by car. Furthermore, we did not adjust for physical activity or sleep duration, which could confound our change in BMI z-score results. Because we conducted this study in Massachusetts, where nearly all children have health care insurance, results may not be generalizable to uninsured populations.
Conclusions
Proximity to large supermarkets was an effect modifier of changes in BMI z-score and fruit and vegetable intake in a clusterrandomized, obesity intervention, further highlighting that access to healthy food is an important factor in reducing the risk of childhood obesity. Future public health efforts could explicitly examine children's environments and target interventions to take advantage of families' proximity to supermarkets or seek ways to help families who do not have readily available supermarkets. Policymakers and community leaders should continue to look for creative ways to improve families' access to healthy foods, including incentives for building supermarkets in low-income areas and decreasing the cost of fruit and vegetables.
